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M E M O R A N D U M 
 
Ref: 2042A 
 
To: James Phippard 
 Brickstone Land Use Consultants, LLC 
  
From: Stephen G. Pernaw, P.E., PTOE 
 
Subject: Proposed Ben’s Sugar Shack - Traffic Evaluation 
               Temple, New Hampshire 
  
Date: November 16, 2020  

On September 10, 2020 our office prepared a “trip generation” memorandum on behalf of 
Brickstone Land Use Consultants, LLC regarding the proposed Ben’s Sugar Shack production 
facility that will be located at the northwest corner of the NH101/NH45/Webster Highway 
intersection in Temple, New Hampshire.  That report included the results of our research into 
available NHDOT traffic volume data on NH101, and our trip generation estimates for the 
subject site.  Since publication of that memorandum, we have learned that the proposed 
development constitutes a relocation of Ben’s Sugar Shack operation from 83 Webster Highway 
to the new location adjacent to NH101.   

This supplemental “Traffic Evaluation” memorandum expands upon the previous scope of 
services, and it includes: several findings from our recent site inspections, new intersection 
counts conducted at the NH101/NH45/Webster Highway intersection, preparation of 2032 
Design Hour Volumes for the subject intersection, the results of an auxiliary turn lane warrants 
analysis, analysis of intersection operations and capacity, evaluation of stopping sight distances, 
and recommendations to ensure that vehicular access to/from the site will be reasonably safe and 
efficient from a traffic engineering standpoint for the size and type of development that is 
proposed.   

Figure 1 shows the location of the subject site with respect to the area highway system and 
nearby traffic count locations. 

Executive Summary - It is my professional opinion as a Professional Traffic Operations Engineer 
(#399) and NH licensed Professional Engineer (#5234) that the existing NH101/NH45/Webster 
Highway intersection will continue to provide reasonably safe and efficient vehicular access 
to/from Webster Highway through the 2032 horizon year with the relocated Ben’s Sugar Shack 
production facility (with small market) on Webster Highway.  We find no compelling reason to 
modify the State highway as a result of the proposed development.  I base this opinion on the 
results of our fieldwork, evaluation of the anticipated traffic volumes at the subject intersection, 
several publications in our technical library, my postgraduate education, and over 30 years of 
civil engineering experience.   
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Figure 1
Traffic Evaluation, Ben's Sugar Shack, Temple, New Hampshire
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Proposed Development – According to the plan entitled “Layout Plan” prepared by Brickstone 
Land Use Consultants, LLC (see Attachment 1), the proposed development involves the 
construction of a new 16,080 sf building that will contain a new production facility for maple  
syrup and a small market area (3,000 sf) for the sale of maple and food products.  Access to the 
subject site is proposed via two new full-access driveways on the west side of Webster Highway.  
The south site driveway will be located approximately 280-feet north of the NH101 intersection 
and will be used primarily by customers.  The north site driveway will be located approximately 
200-feet beyond the south site driveway.  The north site driveway will primarily be used by 
delivery vehicles. 
 
Existing Conditions - Webster Highway is a two-lane local street that extends northeasterly from 
NH101 to the Wilton town line.  In the vicinity of the subject site, Webster Highway measures 
approximately 21-22 feet in width, with graded shoulders of variable width on both sides of the 
roadway.  There are no pavement markings on this section of Webster Highway.  The speed limit 
is posted at 30 mph for passenger vehicles and 25 mph for trucks.  NH101 functions as two-lane 
arterial roadway that carries through traffic in an east-west direction, and provides access to 
abutting properties and intersecting streets.  The speed limit is posted at 50 mph on this section 
of NH101.   
 
The NH101/NH 45/Webster Highway intersection was constructed with offset minor 
approaches; with NH45 intersecting slightly to the east of the Webster Highway approach.  Both 
minor approaches operate under stop sign control. The existing lane configuration is as follows: 
 

o NH101 EB Approach: One shared left-through lane, one exclusive right-turn lane 
o NH101 WB Approach: One shared left-through-right lane 
o NH45 NB Approach:  One shared left-through-right lane 
o Webster Highway SB Approach: One shared left-through-right lane 

Existing Traffic Volumes – Figure 1 shows the NHDOT traffic count locations referred to in our 
previous memorandum along with the corresponding Annual Average Daily Traffic (AADT) 
volumes.  To supplement this data, our office conducted a 24-hour traffic count on NH101 (west 
of Webster Highway) in November 2020, and collected peak-period intersection turning 
movement count data at the subject intersection on a typical weekday from 7:00 to 9:00 AM and 
from 3:00 to 6:00 PM.  The following graphic shows that this section of NH101 carried 7,230 
vehicles per day (vpd) in November 2020, and that the highest hourly rate of traffic flow 
occurred during the typical morning and evening commuter periods (see Attachments 2 & 3).  
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The results of the intersection turning movement counts are summarized on Figure 2 and they 
show that the highest traffic hour for the intersection occurred from 3:15 to 4:15 PM, when 692 
vehicles were observed entering the subject intersection.  During the PM peak hour, the westerly 
leg of the intersection on NH101 carried 647 vehicles (total both directions), and NH45 carried 
130 vehicles and Webster Highway carried 59 vehicles (see Attachments 4-12).  The previous 
research of historical count data on NH101 confirmed that traffic levels on weekends are 
comparable to those on weekdays. 
 
It should be noted that the November 2020 traffic volumes are below normal levels due to the 
effects of the Covid-19 pandemic.  These volumes also require further adjustments to reflect 
March conditions when the maple syrup business is typically the busiest.      
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Future Traffic Volumes – Figure 3 summarizes the long-range traffic projections for March, both 
with and without the proposed Ben’s Sugar Shack building.  These projections are based on the 
November 2020 traffic volumes, an annual traffic growth rate of 1% per year compounded 
annually, a monthly adjustment factor of 0.98 to reflect March conditions, and a Covid-19 factor 
of 1.13.  The derivation of these factors is found on Attachments 13-16.   

The previous trip generation memorandum included two separate methodologies in estimating 
the quantity of vehicle-trips that will be produced by the proposed Ben’s Sugar Shack facility.  
The standard method (Method A) involves the use of the trip generation rates and equations 
published by the Institute of Transportation Engineers1 (ITE).  In this case, the more appropriate 
ITE Land Use Codes (LUC) are LUC 140 (Manufacturing) and LUC 820 (Retail-Shopping).  
However, this methodology is not capable of reflecting the various shift schedules, and is based 
only on the gross floor area of each building component.  Consequently, a manual method 
(Method B) was also considered; one that is based on site-specific information from the applicant 
concerning employee counts, work shift schedules, delivery schedules, and customer demand.  
Both trip estimates are summarized in Table 1 below.  The manually derived trip estimates are 
expected to be more indicative of actual post-development conditions as they are based on site-
specific information.     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 Institute of Transportation Engineers, Trip Generation, 10th Edition (Washington, D.C., 2017) 

            Entering 6 veh 2 veh 8 veh 6 veh

            Exiting 2 veh 1 veh 3 veh 6 veh

            Total 8 trips 3 trips 11 trips 12 trips

            Entering 3 veh 5 veh 8 veh 24 veh

            Exiting 6 veh 6 veh 12 veh 24 veh

            Total 9 trips 11 trips 20 trips 48 trips

       Weekday (24 Hours)

            Entering 26 veh 57 veh 83 veh 246 veh

            Exiting 26 veh 57 veh 83 veh 246 veh

            Total 52 trips 114 trips 166 trips 492 trips

            Entering 6 veh 7 veh 13 veh 38 veh

            Exiting 6 veh 7 veh 13 veh 25 veh

            Total 12 trips 14 trips 26 trips 63 trips

            Entering 42 veh 69 veh 111 veh 246 veh

            Exiting 42 veh 69 veh 111 veh 246 veh

            Total 84 trips 138 trips 222 trips 492 trips

1 ITE Land Use Code 140 - M anufacturing (13,080 sf) - Trip Rate method

1 ITE Land Use Code 820 - M anufacturing (3,000 sf) - Trip Rate method

3 M anual Derivation based on 26 employees, 200 daily customers, 15 trucks from Ben's M aple Sugar P roducts, LLC

4 Peak M onth for sugar business = M arch

       Saturday (24 Hours)

       AM Peak Hour

       PM Peak Hour

Table 1 Trip Generation Summaries

       Saturday Generator Peak Hour

Manufacturing1 Retail 2 SUM

METHOD B                               

SGP Manual Derivation 3                

(Peak Month Condition) 4

METHOD A                                                                                      

ITE Trip Rate Method                                                                    

(Average Month Condition)



 Pernaw & Company

2032 Traffic Volumes
Traffic Evaluation, Ben's Sugar Shack, Temple, New Hampshire

2042A
NORTH

Pernaw & Company, Inc

12
334
40

720 631

NH Route 101

NH Route 101
11

0

AM Peak Hour

4
6 6 8

Figure 3

5
5

1
3

1
0

7

W
e
b
s
te

r
H

ig
h
w

a
y

7
275
0

N
H

 R
o
u
te

 4
5

11
294
82

810 689

NH Route 101

NH Route 101

1
6
3

PM Peak Hour

3
5

1
3 0

7
4

1
3

2
5

6

W
e
b
s
te

r
H

ig
h
w

a
y

6
375
8

N
H

 R
o
u
te

 4
5

Note: Traffic volumes reflect March 2032 conditions without COVID-19
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The higher trip estimates indicate that the new site will generate approximately 48 (PM) and 63 
(SAT) vehicle-trips during the peak hour periods in the month of March.  Attachment 17 
contains diagrams depicting the distribution of site traffic through the subject intersection. The 
derivation of the trip generation estimates is included our previous memorandum dated 
September 10, 2020.   

Analysis of regional population data indicates that the majority of site traffic (approximately 
74%) will travel to and from points east via NH101 (see Attachment 18).  The minority will 
utilize NH101 (west), Webster Highway (north) and NH45 (south) to travel to and from the site. 
This means that the largest increases in traffic flow at the subject intersection will be limited to 
the westbound right-turn movement from NH101 (inbound vehicles) and the left-turn departure 
movement from Webster Highway (outbound vehicles).  

Net Traffic Impacts – Since the proposed building represents the relocation of the existing 
business from 83 Webster Highway, the majority of traffic generated by the existing business 
presently travels through the subject intersection.  This means that the net impact to the 
intersection volumes will actually be limited to the increase in business/traffic as a result of the 
proposed relocation.  It is recognized that the proposed facility is larger and includes additional 
attractions, and that the trip generating characteristics of the existing business are unknown.  
Consequently, the 2032 traffic projections and analyses contained herein are based on a very 
conservative and simplifying assumption:  all trips from Table 1 will be treated as new or 
additional vehicles at the subject intersection (except for those traveling to/from points north on 
Webster Highway).   

Traffic Operations - The long-range (2032) traffic projections were utilized to assess traffic 
operations at the NH101/NH45/Webster Highway unsignalized intersection according to the 
methodologies of the Highway Capacity Manual 2 as replicated by the latest edition of the 
Synchro Traffic Signal Timing Software (Version 10), which also performs unsignalized 
intersection capacity analyses.   

Capacity and Level of Service (LOS) calculations pertaining to unsignalized intersections 
address the quality of service for those vehicles turning into and out of intersecting side streets.  
The availability of adequate gaps in the traffic stream on the major street (NH101) actually 
controls the potential capacity for vehicle movements to and from the minor approaches.  Levels 
of Service are simply letter grades (A-F) which categorize the vehicle delays associated with 
specific turning maneuvers.  Table 2 describes the criteria used in this analysis.   

 

 
 
 
 
 
 

 

 

 
2 Transportation Research Board, Highway Capacity Manual (Washington, D.C., 2010). 
 

v/c ≤ 1.0 v/c > 1.0

0 - 10 A F

> 10 - 15 B F

> 15 - 25 C F

> 25 - 35 D F

> 35 - 50 E F

F F

Table 2

Control Delay

(seconds/vehicle)

> 50

Source:  Transportation Research Board, Highway Capacity M anual 2010.

Level-of-Service Criteria for

Level of Service by Volume-to-Capacity Ratio

Unsignalized Intersections
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The results of the analysis for 2032 are summarized on Table 3 and confirms that all applicable 
turning movements at this intersection will continue to operate well below capacity and at Level 
of Service D or higher with the relocated Ben’s Sugar Shack in operation.   

 

Calculations pertaining to these analyses are attached (see Attachments 19-22). 

Delay 1   V/C 2 LOS 3 Queue 4 Delay 1   V/C 2 LOS 3 Queue 4

2032 No Build 18.2 0.20 C 1 18.4 0.20 C 1

2032 Build 23.5 0.25 C 1 25.0 0.27 D 1

  2. NH Route 101 - EB LT Arrivals

2032 No Build 7.9 0.01 A <1 7.9 0.01 A <1

2032 Build 8.2 0.01 A <1 8.3 0.01 A <1

  3. NH Route 101 - WB LT Arrivals

2032 No Build 0.0 0.00 A <1 0.0 0.00 A <1

2032 Build 8.2 0.01 A <1 8.2 0.01 A <1

  4. Webster Highw ay - SB Departures

2032 No Build 14.4 0.08 B <1 15.0 0.10 C <1

2032 Build 19.5 0.18 C 1 23.7 0.31 C 1

1 HCM Control Delay (seconds per vehicle), 2 HCM Volume to Capacity Ratio, 3 HCM Level of Service, 4 HCM 95th Percentile Queue (vehicles)

4

2 3

1

  1. NH Route 45 - NB Departures

Table 3
STOP-Controlled Intersection Capacity Analysis - March 2032

NH Route 101 / Webster Highway / NH Route 45

2032 Weekday AM Peak Hour 2032 Weekday PM Peak Hour
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Safety – Sight distance at an intersection is an important safety consideration. The operator of a 
vehicle approaching the subject intersection on NH101 should have an unobstructed view of the 
intersection and sufficient length of roadway to enable a full stop, should it be required to avoid a 
collision.  Similarly, exiting vehicles from the minor approaches should have sufficient visibility 
of approaching traffic in order to safely enter the traffic flow on the major street (NH101).  The 
following photographs depict the driver’s view looking left and right from the Webster Highway 
approach to NH101.   
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Field measurements confirmed that the available sight distance exceeds 500-feet looking left and 
looking right from the Webster Highway approach to NH101.  The available sight distance at 
this location exceeds the NHDOT 400-foot guideline as specified in the “Policy for the 
Permitting of Driveways and Other Accesses to The State Highway System.”  As an aside, the 
required stopping sight distance for the 50-mph posted speed limit is 425-feet.  We find that the 
alignment and grade of the highway to be ideal from a safety standpoint, and that Webster 
Highway will continue to provide a safe and controlled approach to NH101 in all seasons of the 
year, regardless of the proposed relocation of Ben’s Sugar Shack.      
 

The travel lane configuration at an intersection is another important consideration in terms of 
both safety and traffic operations. The type of treatment needed to accommodate left-turning 
vehicles from any street or highway to an intersecting side street (or driveway) can range from 
no treatment, where turning volumes are low; to the provision of a bypass lane for through traffic 
to travel around left-turning vehicles; to the addition of a formal center turn lane used 
exclusively by left-turning vehicles for deceleration and storage while waiting to complete their 
maneuvers.  Analysis of the March 2032 Horizon Year traffic volumes using NCHRP 457 
guidelines indicates that left-turn treatment is not necessary on NH101 at the Webster Highway 
intersection.  This means that the existing eastbound through-left lane will continue to function 
adequately with the anticipated traffic volumes.  The results are summarized on Table 4 and the 
computations are attached (see Attachments 23 and 24).  
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Similarly, the type of treatment needed to accommodate right-turning vehicles from any street or 
highway to any intersecting side street (or driveway) can range from a radius only, where turning 
volumes are low; to the provision of a short 10:1 right-turn taper; to the addition of an exclusive 
right-turn lane, where turning volumes and through traffic volumes are significant.  Analysis of 
the 2032 Build traffic volume projections using NCHRP 457 guidelines confirmed that right-turn 
treatment is not warranted on NH101 westbound at the Webster Highway intersection.   This 
means that the existing westbound travel lane on NH101 will continue to function adequately as 
a shared left-through-right lane for anticipated traffic volumes.  The results of these analyses are 
summarized on Table 5 and the computations are attached (see Attachments 25 & 26).  

 

The type of treatment needed to accommodate exiting vehicles from the minor-road approach at 
a stop-controlled intersection can range from a single lane (shared left-through-right lane) in 
low-volume conditions, to two exit lanes (shared left-through lane and an exclusive right-turn 
lane) where turning volumes and through traffic volumes are significant, to multiple exit lanes in 
extreme cases.  Analysis of the March 2032 Build traffic volumes using NCHRP 457 guidelines 
is summarized on Table 6 and confirms that one departure lane on the Webster Highway 
approach to NH101 is sufficient for the anticipated traffic volumes (see Attachments 27 & 28).  
In actuality, the Webster Highway approach to NH101 is flared to the extent that a left turning 
and right turning vehicle are able to queue side-by-side.  

2032 AM Build 

Volumes

2032 PM Build 

Volumes

  Peak Hour Inputs

13 14

387 390

286 407

3.4% 3.6%

50 50

  Limiting Advancing Volume (veh/h) 596 509

  Conclusion 

NO NO

Opposing Volume (WB)

Percent Lefts

Speed (mph)

  Left-Turn Treatment Warranted

Table 4
Left-Turn Lane Warrants Analysis - 2032 Build

NH Route 101/NH Route 45/Webster Highway

Left-Turn Volume (EB)

Advancing Volume (EB)

2032 AM Build 

Volumes

2032 PM Build 

Volumes  

  Peak Hour Inputs

11 24

286 407

50 50

  Limiting Right-Turn Volume (veh/h) 48 31

  Conclusion 

NO NO

Right-Turn Volume (WB)

Total Approach Volume (WB)

Speed (mph)

Table 5
Right-Turn Lane Warrants Analysis - 2032 Build

NH Route 101/NH Route 45/Webster Highway

   Add Right-Turn Bay           
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Based upon the analysis of the post-development traffic volumes contained herein, we find that 
stop sign control (MUTCD # R1-1) on the Webster Highway approach to NH101 is appropriate.  
This intersection is not a candidate for traffic signal control as the major street and the minor 
street traffic levels fall well below the minimum requirements. 

2032 AM Build 

Volumes

2032 PM Build 

Volumes  

  Peak Hour Inputs

673 797

39 24

36 67

  Limiting Minor-Road Volume (veh/h) 273 211

  Conclusion 

NO NO

Table 6
Minor-Road Approach Geometry - 2032 Build

NH Route 101/NH Route 45/Webster Highway

Major-Road Volume (WB-EB)

% Right-Turns on Minor (SB)

Minor-Road Approach Volume

   Consider TWO Approach Lanes
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Findings, Conclusions & Recommendations  

1. The NH101/NH45/Webster Highway intersection currently operates well below capacity and 
will continue to do so through 2032 with the proposed relocation of Ben’s Sugar Shack on 
Webster Highway. 
 
2. The existing travel lane configuration at the subject intersection is appropriate for the existing 
and anticipated traffic volumes.  Physical modifications to the intersection are not necessary.  
 
3. Stop-sign control is the appropriate traffic control device for the Webster Highway approach 
to NH101.  

 
4. The existing width of Webster Highway (21-22 feet) is sufficient for the posted speed limit 
and the 2032 traffic volumes.   
 
5. The location and spacing of the two proposed site driveways on the west side of Webster 
Highway are appropriate, and both driveways will function safely and adequately with a single 
approach lane on each leg of each intersection.   

 
6. The physical layout of the northerly site driveway as shown on Attachment 1 is compatible 
with WB-50 tractor-trailer truck movements (see Attachment 29).  
 
7. It is recommended that clear “sight distance triangles” be established at both site driveway 
approaches to Webster Highway to ensure that 250-feet of stopping sight distance is provided for 
drivers exiting from the site.  This will require the trimming and maintenance of roadside 
vegetation within the Webster Highway right-of-way. 
 
8. It is also recommended that police officer control be available initially at the subject 
intersection on NH101 when “special events” are scheduled to occur at the site.  The need for 
police presence thereafter should be reassessed based on actual traffic conditions, and Police 
Department input. 

 

Attachments                                                                                                              

cc: Thomas R. Hanna, Esquire  
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